Methanopterin is probably the first coenzyme involved in the reduction of CO 2 to CH 4 by Methanobacterium thermoautotrophicum. It is reduced and labelled with 14C02 in whole cells (Daniels and Zeikus, 1978; Keltjens et al., 1982) and it stimulates the formation of CH 4 in resolved cell-free extracts (J. Leigh, personal communication).
conic acid. In this case, the only role of the enzyme might lie in energy production. Indeed, addition of glucose to carbon-and energy-limited chemostat cultures results in a significant increase in cell yields with the concomitant production of gluconic acid.
Carbon-limited chemostat cultures of A. calcoaceticus, growing on acetate, ethanol or succinate, contain appreciable constitutive levels of glucose dehydrogenase. The enzyme is associated with the cytoplasmic membrane but it can be solubilized with detergent and purified with a simple ionexchange step (Duine et al., 1979 (Duine et al., , 1982 . The coenzyme, pyrrolo-quinoline-quinone (PQQ), is dissociable from the enzyme so that an apoenzyme can be prepared from it (Duine et al., 1979) . Bivalent ions like Ca 2+ and Mg 2+ highly stimulate the recombination process of apoenz~rne and PQQ to an active holoenzyme.
Screening a mutagenized culture of A. calcoaceticus on agar plates containing glucose and a pHindicator, yielded several non-acid-producing mutants which are impaired in the biosynthesis of PQQ. Addition of PQQ to cultures of these mutants restored the capacity to oxidize glucose to gluconic acid. Chemostat cultures of Paracoccus denitrificans were shifted to recycling conditions with 100% cell recovery. After the shift, two different growth phases could be recognized. Phase 1, the chemostat experiment, is characterized by steady state growth with a molecular growth yield on the used carbon-source mannitol (Ymann) of about 85. Phase 2, immediately after the shift, is characterized by a linear increase in biomass and a Ymann of about 55 and phase 3 also shows a linear increase in biomass but at a lower rate together with a lower Ymann of about 25.
Growth of Pa. denitrificans shifts from phase 2 to phase 3 after 62 h at a specific growth rate (la) of 0.01. As a consequence of two linear phases la drops from 0.01 to 0.003 at the time of this shift. These experiments strongly indicate a stringent response in phase 3 as has been described before in Escherichia coli (Chesbro et al., 1979) .
The disadvantage of a recycling fermentor is that it takes 62 h before a stringent response is obvious. In a wash-out experiment, in which the substrate provision rate (SPR) to a chemostat is lowered from 1.1 mM mannitol/1-h to 0.09 mM, immediately after the start of the wash-out growth becomes stringent. Measured dry weights (g biomass/l) can be fitted to eq. 1, which describes the behaviour of a wash-out culture. 
in which x,~ is the dry weight at time = t, x(0 ) is the starting dry weight and D is the dilution
